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(1) Immersions of projective spaces (2) Stable homotopy types problem for real projective spaces, but the immersion problem lends itself more readily to homotopy theory, and so it gets more attention by homotopy theorists. An immersion is a differentiable map which sends tangent spaces injectively, but need not be globally injective. The usual picture of a Klein bottle ([43] ) illustrates an immersion of a 2-manifold K in R 3 , but K cannot be embedded in R 3 .
Many families of immersion and of nonimmersion results are known ( [24] ), but to be optimal it must be that RP n is known to immerse in R d(n) and to not immerse in 
mod 8, and
The largest gaps between known immersions and nonimmersions are roughly 5[log 2 (n)]− 22, when n is just less than a power of 2. I believe that most of the remaining improvement will need to come on the immersion side.
In 1970, Sam gave a survey talk ( [36] ) on immersions and embeddings at the Madison conference which was very influential for me. I was just starting my thesis work, and seeing all the methods and results on this concrete problem brought together elegantly in one place led me to want to try to make my own contributions. Sam has continued to promote this area of mathematics, for example, by training Jesus González at Rochester in such a way that he has become a major contributor to this
Stable homotopy types
The question of deciding whether the stunted projective spaces F P m+k m and F P n+k n have the same stable homotopy type is a natural one for homotopy theorists. Here 
Here A k is the J-order of the Hopf bundle over CP k , which was introduced by 12] ). These are 2-local spectra B(n) satisfying
• If ν is the normal bundle of an n-manifold embedded in R n+k , then there exists a map from the Thom space T (ν) to Σ k B([ ]} were the classes vanishing on Thom classes of normal bundles of all n-manifolds, so this spectrum is minimal admitting maps from all such T (ν). This work was motivated by the conjecture that every n-manifold can be immersed in R 2n−α(n) . Brown and Peterson had developed an approach to proving this conjecture. They proved in [14] that there is a space BO/I n and map g n : BO/I n → BO such that the map M → BO classifying the stable normal bundle of an n-manifold lifts to a map M → BO/I n , and H * (g n ; Z 2 ) is a surjection with kernel the ideal consisting of exactly those Stiefel-Whitney classes which were already known to vanish on normal bundles of n-manifolds. They hoped to prove that g n factors through a map BO/I n → BO(n − α(n)), which would prove the immersion conjecture. They proved the analogous statement is true for Thom spectra, i.e. there exists a map from the Thom spectrum M O/I n of BO/I n to M O(n − α(n)). Bendersky will give a talk here discussing our recent completion of that project ( [9] ).
Configuration spaces
In several papers, Sam has studied the (co)homology of configuration spaces or their loop spaces. If X is a topological space, then the configuration space F (X, n)
is the subspace of X n consisting of n-tuples of distinct points of X. In a 1991 paper 
, and
Their main results deal with homology. One such result, which is then generalized in various ways, is that H * (ΩF (R m , k)) is isomorphic as Hopf algebras to the universal enveloping algebra of the graded Lie algebra L k (m−2). This is the largest Lie algebra for which the infinitesimal braid relations are satisfied. It has been studied by Kohno ([45] , [46] ), in relation to Vassiliev invariants of braids. Here m − 2 is the grading of the generators and k is the range for the subscripts of the generators B i,j .
Projective Stiefel manifolds
Sam has had a longstanding interest in projective Stiefel manifolds. The Stiefel manifold V n,k is the space of k-frames in R n , and the projective Stiefel manifold X n,k is its quotient obtained by identifying a frame with its negative. It admits a canonical line bundle ξ n,k . In 1968, Sam, with David Handel, determined H * (X n,k ; Z 2 ) as an algebra over the Steenrod algebra, up to some indeterminacy ( [37] ). A main reason for their interest was that if θ is a line bundle over a space Y , then nθ has k linearly independent sections if and only if there is a map f : Y → X n,k such that f * (ξ n,k ) = θ.
As mentioned earlier, Sam, in one of his rare solo papers ( [35] ), was able to use this method to obtain strong new nonimmersion results for certain RP n .
A natural question to ask about a manifold is whether it is parallelizable; i.e., if the tangent bundle is isomorphic to a trivial bundle. In a 1986 paper in the Boletin ( [5] ), Antoniano, Gitler, Ucci, and Zvengrowski answered this question for all X n,k except X 12,8 . Their answer was that the only parallelizable ones are X n,n , X n,n−1 , X 2n,2n−2 , With Astey, Micha, and Pastor ( [7] ), he showed that the only parallelizable ones are P W n,n and P W n,n−1 . The nonexistence was obtained using characteristic classses, while existence was obtained by identifying the tangent bundle as 0 in KO(P W n,k ) and then destabilizing.
Interesting algebraic topology text
Finally I mention the text, Algebraic Topology from a Homotopical Viewpoint, by
Sam together with Marcelo Aguilar and Carlos Prieto, which was published in English by Springer-Verlag in 2002 ( [4] ). This is a very ambitious and unusual text. The main novelty is defining the homology groups of a CW complex X as the homotopy groups of its infinite symmetric product SP (X). Cohomology groups are defined as homotopy classes of maps into Eilenberg-MacLane spaces, which are defined as infinite symmetric products of Moore spaces. Of course, it is a well-known theorem of Dold and Thom ( [31] ) that H * (X) is isomorphic to π * (SP (X)), but to use this as the definition of homology groups and show that the major properties of homology theory can be developed this way is a bold step requiring much ingenuity.
Roughly, the book divides into thirds:
(1) a fairly standard treatment of fundamental group, homotopy groups, fibrations and cofibrations, and covering spaces;
(2) the novel treatment of homology and cohomology described above; (3) a thorough and sophisticated treatment of K-theory, characteristic classes, and generalized cohomology.
As I wrote in my review in Math Reviews( [25] ), some topics in homological algebra, such as the definition of Tor and Ext, were not included in the book, instead requiring reference to another text. I feel that a first text should include this material. But, all things considered, I am very impressed that an introductory algebraic topology text can be organized this way. I learned a lot by reading it.
In conclusion: I have outlined many of Sam's important contributions to algebraic topology. Almost as important as the mathematics is the way that Sam has involved others in his work, and has brought younger Mexican mathematicians into algebraic topology in such a way that they have made major contributions. Thank you, Sam, for all this.
